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PRATT & WRITNEY AIRCRAFT
3 Division of United Afrcraft Corporation
East Bartford, Coanecticut, U.S.A. 06108

1

Commrrcial Specification Xo. 2698A
T.C. Xo.

MODE™. SPECIFICATION
EXCINE, AIRCRAFY, TURBOFAX
PRATT & WHITKEY AIRCRAFT .
JTF17A-21L

.
1.6 SOOPE AT ?3{

1.1 Scope - specifi’éation establighes des and performsnce i
requirements for the Pratt & Whitney urcnf‘;}gn%nn—zu )
turbofan engine to be certificated in Phase’H of the Supersonic s
Transport Program. Significant diffechin and perfors-
ance of the Phas Flight Test Status eugines for atrplane
flight testing are neted-in-Appendix AZ T a4 oA .
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1.2 Specification Performance and Installation Drawing ™ The
Specification Performence is presented in table I and table II

estimated performance throughout the complete engine operating
eavelope is presented in curve No. S-82, sheet 1. The Installation
Drawing forms a part of this specification and is included herein.
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2.0 APPLICABLE DOCTMEXIS - The following publicaticas vere used
as a guide in the preparation of this document and form a part of this
document to the extent specified herein.

U R onivti

i TP

2.1 Governmen:t

3 2.1.1 FAR Part 1 - Federal Aviation Regulations "Definitions
! and Abbreviations,” effective date 15 May 1962.

2.1.2 FAR Part 21 - Federal Aviation Regulations "Certificatiom
Procedures for Products and Parts,” effective date 21 Septeaber 1965.

2.1.3 FAR Part 25 - Federal Aviation Regulaticas “Airwvorthiness
E Standards: Transport Category Airplanes,” effective date 29 July 1965.

2.1.4 FAR Part 33 - Federal Aviation Regulations "Airvorthiness
r Standards: Afrcraft Engines,” effective date 1 February 1965.

e L 2.1.5 FAR AC NXo. 33-1 - Federal Aviation Agency Advisory
: Circular "Turbine-Engine Foreign Object Ingestion and Rotor Blade
i Containment Type Certification Procedures,” effective date 24 June 1965.

2.1.6 FAR Part 45 - Federal Aviation Regulations "Identification
and Registration Marking,” effectiwe date 20 April 1964.
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2,1.7 MIL-STD-210A - "Climatic Extremes for Military Equipment,”
dated 2 August 1957.

2.1.8 NIL-SID-704 - “Electric Pover, Afrcraft, Characteristics
and Utilization of ," dated 6 October 1959.

2.1.9 MIL-E-5007C - “Engines, Aircraft, Turbojet, and Turbofam,
Ceneral Specifications for," dated 31 December 1963.

2.1.10 MIL-S-7742A - “Screw Threads, Standard Aercnsuticsl,”
dated 2 December 1959.

2.1.11 MIL-S-8879A - "Screw Threads, Standard Aeronautical,”
dated 8 December 1965.

2.2 Non-Covernsent

2.2.1 PWA 522 (ASTM D-1655-65T, Jet A, A-1) -~ Pratt & Whitney
Aircraft Specification™ Fuel, Commercial Aircraft Turbine Engine,”
dated 5 Novesber 1965.

2.2.2 TA 521-B Type II - Pratt § Whitney Afrcraft Specification
"Lubricant, Aircraft Turbine Engine,” dated 25 June 1963.

2.2.3 SAE ARP 681A - Socfety of Auiomotive Engineers, Aercnmauticai
Recommended Practice, "Engine Performance Presentation for Use on High
Speed Digital Computers,” dated 1 February 1960.

2,2.4 SAE ARP 365 -~ Society of Automotive Engineers, Aerospace
Recosmended Practice, "Definitions and Procedures for Computing he
Perceived Noise Level of Adircraft Noise,” dated 15 October 1964.

2,2.5 SAE ARP 366 - Society of Automotive Engineers, Aerospace
Recommended Practice, "Stamdard Values of itmospheric Absorption as
a Function of Temperature and Humidity For Use in Evaluating Aircraft
Flyover Nofse,” daced 31 August 1964.

2.2.6 SAE AIR 876 - Society of Automotive Engineers, Aerospace
Information Report, "Jet Noise Prediction,” dated 10 July 1965.

2.2.7 PWA FTDM 208 ~ Pratt & Vhitney Aircraft Technical Design
Memorandum, "Design Maintainability Checklist.”

2.2.8 PRA FIDM 207 - Pratt & VWhitney Aircraft Technical Design
Memorandun, "Design Reliability Checklist.”

2.2.9 PUA FIDM 210 - Pratt & Whitney Aircraft Technical Desipgn
Memorandum, "Desiygn Safety Checklist.™

3.0 TYPE AND DESCRIPTION -~ The JTF17A-21L is a twin-spool, axial-flow
duct heating turbofan eangine with a forward aultistage fan (also serving as
the lov pressure compressor) driven by a multistage reaction turbine, and
a multistage high pressure coxzpressor driven by a single-stage reaction
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turbine. This erngine is capable of continuous operation at coanditious
defined herein. The prizary emgine exhaust discharges through a fixed
convergent-divergent nczzle. The engine fncorporates a full lesgth
concentric fan discharge duct with a duct heater for augzentation. The
duct heater discharges through a sodulating, variabie-ares, convergent
exhaust nozzle operated by the engine comtrol and hydraulic systems. The
combined primary and duct heater eshaust gischarges into a variable-area
divergent ejector mozzle which also functions as a thrust reverser aund a
noise suppressor. Detailed descriptions of engine components shall be
presented in the Instailation Handbook.

m"mmmm

3.1 Iinstallation

o

3.1.1 Dinension and Installation Drawing - The following drawing
foras a part of this specification:

Engine Installation Drawing No. 2128101 dated 8 August 1966,

3.2 Dry Keight of Engine - The dry weight of the basic engine shall
not exceed 9860 pounds. The total dry weight of the engine including
special installation items shall not exceed 10,247 pounds. The total
déry weight does nct include the weight allowance required for cover
plates and tose brackets suppiied with the engine that are to be utilized
for the support of airframe equipment. Emgine components included in the
basic engine cry weight are as follows:

iy
| SR 3

Fuel Systemn Including Gas Generator Control, Duct Heater
Controi, and Fuel Pusps
Lubrication System Including Oil Tank and Fuel/Oil Cooiers
Engine Ignition System Without Power Source
Variable-Area Duct Heater Exhaust Nozzle Including Control System
Windmilling Brake System (Aerodynamic)
keverser-Suppressor Inciuding Control System
Gas Generator Exbaust Gas Temperature and Pressure Probes
Provisions for Power Setting Instrusmentation

e B e B

Special installation features included in the total dry weight of the
engine are:

gw - Fuel Inlet Marvifold
Pover Takeof{ Provisions Including Angle GCezrbox and Decoupler
i Centerline Bend of 5 degrees
Iniet Splitter Mounts
Environzental Control Syctem Compressor Urive and Associated
: l Hardware
-3 Turbopump Discharge Diffuser
‘3 Single Point Radial Rear Mount
- Right and Left Front Thrust Mounts
! Front Mount Relocation
Xacelle to Reverser-Suppressor Fairing

[
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3.2.1 Meight of Residusi Fluids - 1he estimsted weight of residual
fluids remaining in the engine after operation and drainage fs 40 pounds.

 piremme|

-

3.3 Engive Mounting - Exgine mounting provisions and load limits
shall be as specified or the Installation Drawing.

3.4 Bequirements

3.4.1 Materisls and Processes — Materials and processes used in
the mamufscture of the engine saall be of quality consistent with
aircraft standards. L2

A

3.4.2 Standards

3.4.2.1 Parts - AN, NS, or AS standard parts shall be used unless
they are determined by P&NA to be unsuitahle for the purpose, and shall .
be identified by their standard part numbers.
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3.4.2.2 Design Standards - MS, AND, and industry design standards
shall be used unless they are determined by P&MA to be unsuitable for

the purpose.

3.4.3 Parts List - The parts list for the engine which satisfac-
torily completes the certification test as modified by approved changes
shall coastitute the parts list for engines of the same model to be

delivered.

3.4.4 Interchangeability - All parts having the same msaufacturer's
part number shall be functionally and dimensionally interchangesble with
each other with respect to installation and perforsance, except that
zatched parts or selective fits will be permitted where required.
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3.4.5 Accessibility - Those parts of the engine requiring line
saintenance checking, adjustment, draining, or replacesent shall be
nade accessible vithout engine teardown or removal of major parts,
componenls or accessories as shoun on the Installation Drawring. N

3.4.6 Meintainability, Reliability, and Safety

3.4.6.1 Maintainability - The engine shall be designed for e
case of servicing and msintenance in accordance with 2.2.7. -

[

L

i g

3.4.6.2 Reliability -~ Engine relisbility considerations shall
% u as ‘“ided b’ 2.2.8.

S

TR

v

3.4.6.3 Safety - Engine safety ccuaiderations shall be in
accordance with 2.2.9,

{ 3.4.7 Engine Expansion Dimensions - Engine dimensional changes
- resulting from temperature increases between room and operating
2 temperatures sre as shown on the Installation Drawing.
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3.4.8 Flight Manuever Forces — The engine aad its supports
shall withstand without perzarent deformation the conditions zpecified
on the maneuver load diagram showm on figure i. These conditions are
based cu: the total dry weight of the eagine specified in 3.2,

fomd

3.5.9 Ground Handling - The engine shall have provisions for
ground handling attachments. Tbe attachment provisions shall de
designed for the following linit loads:

»
 —

a. Vertical loading - &4 "g"
b. Side loading - 2 “g"
c. Fore to aft loading - 1.5 “g"

3.4.20 Engine Inlet Flange Design Load - The emgine inlet
fisnge design load shall be as specified oo the Installation Drawing.

’
o

s
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I DM R AP]
v s e

towes AL

3.4.11 Containment and Botor Structural Integrity - The engine
shall be designed for rotor blade containment to meet the requirement

of Paragraph 33.19 of Reference 2.1.4 and compliance shall be specified
in the engine type certificate. Failsafe designs shall be incorporated
with the objective of eliminating the possibility of catastrophic
failure. Particular attention shall be given to the following:
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a. The integrity of turtine and compressor disks with the
objective of having blades fail first under overspeed or
overtemperature malfunctions.

.

b. The integrity of shafts coanecting compressors to turbines
such that bearing or lubrication failure shall not cause
parting or decoupling of the shaft.

Aot

N
PRSP

c. Tc provide necessary mmrgin for rotor structural integrity,
the compressor, fan and turbine rotors shall be of sufficient
strength to withstand the following abnormal conditions:

(1) Rotor speeds at 1201 of maxioum allowsble speed on
representative disks (compressor and turbine) at
maximum allowable disk temperatures and gradients
for 5 minutes.

(2) Measured gas temperature at least 75°F (41.7°C) in
excess of the maxizum allowable measured gas
temperature znd at meximus allowable speed for
5 minutes.

3.4.12 Flammable Fluid Systems - All external lines ard fittings
which convey flammable fluids shall be fireproof ag defined in 2.1.1,
Each separable joint or comnecticn shall be designed so thar likelibood
of leakage causing a fire hazard is remote.

3.4.13 [Engine Connections -~ All electric, flufd and pneumatic
connections to whick the airframe manufacturer will attach are defined
oz the engine installation Drawving.

LI
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3.4.14 Conpection Identification - Irsofar as is practical, the
engine shall be permanently marked to indicate all airframe commections
showe on the Installation Drawing for imstrumentation, electrical,
fluid and poeusatic coenections. Similar fluid comnections located in
close proximity to each other shall be made physically noninterchangeable.

3.4.15 Engine Mounted Airframe Accessories

3.4.15.1 Use of Integral Oil Systems for Accessories - The integration
of acczssory oil systems with that of the engine shail not be acceptable.

3.4.15.2 Engive-Supplied Support Brackets for Airframe Accessories -

Engine-supplied support brackets for airframe accessories shall be
2s showm on the Installation Drawing. Support of airframe equipment
shall be coordingted vith and agreed upon by PSA.

3.4.15.3 Cover Plates - Cover plates for covering all accessory
drive openings vhere the accessory is not mounted for engine shipment
shall be supplied with each engine. Suitable provisions for covering
or plugging all other counection openings shall be made. Cover plates
suitable for flight operation shall be provided on drive pads and connecting
points vhich are not used.

3.4.16 Useful Life - The engine shall be designed for a useful
iife, including repair, consistent with an airplane ncrmal service
life expectancy of at ieast 50,000 hours. The design objective for
the basic engine shall be a useful life, without repair, in excess
of 5000 hours. P&WA shall undertake the design and dewvelopment of
improved compcnents or parts and/or repair procedures for the cowpooents
or parts, as shown to be required by airline service.

3.4.17 Identification of Product - The identification data applied
to the esngine data plate shall be in accordance with 2.1.6 as follows:

Manufacturer's Xame or Tradesark
Model Designastion *

Serfal No. *

Installation Arrangesent *
Takeoff Rating *

Fuel *

Type Certificate Xunber %
Production Certificate Xumber *

® Applicabie data to be entered by P&WA.

Equipment, assemblies and parts shail be marked for identification
in accordance vith PSWA standard procedures.

4.0 MASS MOMEXT OF INERTIA OF ROTATIXG PAKIS - The estismsted
effective mags moments of inertia cf the engine rotors about their
axes are 30.0 slug-feet squared for the low rotor and 21.5 slug-fest
squared for the high rotor. The maximum effective mass moment of inertia
of the engine at the power takeoff accessories drive is as shown on
curve Xo. $-82, sheet 20.

.
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4.1 Engine Mass Moment of Inertia - The engine mass moment of
inertia shall be as specified in the Installation Handbook.

5.0 VIBRATION - The engine shall be designed and comstructed to
function throughout its operating ramge without inducing excessive
stress in any of the engine parts because of vibration. The engine
unbalance shall not cause an engine case displacement greater than
+ 3 mils. This vibration requirement is applicable tc engines operating
vith specified flight weight components installed. Installed vibration
characteristice of the engine-nacelle combinztion must be established
by the airframe manufacturer and be coordinated with PEMA.

5.1 Afrframe Vibration Testing with Installed Engines - If the

airframe menufacturer deems it necessary to shake the airframe with the
engine installed during airframe stress and fatigue tests, or during
tests to establish vibration characteristics, it will be necessary to
rotate both engine rotors to prevent brinelling of the bearings. Rotor
speeds may b~ achieved by turning the high rotor with a hydraulic starter
or the low rotor with an air stream directed on either the turbine or

fan blades. The deterxination of safe rotor speeds must be coordinated
wvith and agreed upon by P&lA.

6.0 ENGIXE PERFORMAKCE

6.1 Performance Ratings - The specified ratings are attainable
on a PLUA test stand using a PEKA Bellmouth inlet at 1962 U. S. Standard
Atmospbere (Geometric) conditions at the engine inlet and including
correction to engine performance for any bellmouth total pressure loss.
The specified engine thrusts and thrust specific fuel consumptions
(TSFC) include the effects of the reverser-suppressor as shown on the
Installation Draving uhen operating in a free flow field with the flow
axis parallel to the reverser-suppressor axis. This perforsance {s
based on a temperature corrected secondary sirflow (¥ defined below)
of 21, unless othervise specified, except for reverse  fhrust which is
based on zero secondary flow. A minimum of 2I corrected flow is
required at all operating conditions when the tertiary and reverse doors
are closed.

P -~
‘rtz «i»Al's
1) T .+¥ T
Ul T W +‘w \ (:!eutq T \rid td) x 100
ge gd f ge gd ,
where:
U‘ = gecondary airflow, lb/sec
"ge = total gas generator gas flow at nozzle throat, lb/sec
93 a " total duct gas flow at nozzle throat, lb/sec

th = compressor inlet total temperature, °R
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AT‘ = gecondary stream tempersture rise, °R
Tt9 = total temperature at gas generator nozzle throat, °R

T g © total temperature at duct nezzle throat, i

The specified reverse thrust is attainable at sea level static test
stand conditions when reingestion of exhaust gases ix not experienced,
and without special restrictive provisioes for reverse targeting.

The specified value is based upon 2 reverse effective flow area over

158 degreez of circumference and s mezn gas discharge angle of 20 degrees
or less vith the exhaust mozzle centerline.

6.1.1 Guaranteed Standard Day Ca’ibration Stand Performance at
Sea Level - The guaranteed steady-state performance ratings at static,
sea level, standard day conditfoas ure as showm in table I for a complete
productfon engine including the reverser-suppressor when operating on
& fuel specified in 2.2.1, without compressor airbieed or load on accessory
drives other than that required for coantinuous ergine operation.

Table I, Guaranteed Standard Dey Calibration

Stand Perforaance at Sea Level
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Rating Net Thrust TSFC Estimate of Estimated Seconcary Esimated
{nin), 1b (max), Measured Airflow, Airflow, Engine
'y) 1b/hr/lhk  Exhaust Gas ib/sec 1bj/sec Rotor Speed, 1
() Temp. (nax), cpe i
*F (*C) hi (5) Xz
(3)
[
(1)
Takeoff
Augnented 60,760(6) 1.78 1515 (823.9) 687 0 6500 8200 [
Non~ —
augmented 138,130 Q.75 1515 (823.9) o687 0 6500 8200
Maximm (2) ’
Augmented 60,760(6) 1.78 1515 (323.9) 687 0 6500 8200
3) 3
Maxinum
Reverse 15,300 — —_ - -— - -— _—
(1) Takeoff Rating - This rating 1s intended for takeoff use only and L2
is time limited to 5 minutes. The specified takeof{f rating is the
zaximum takeoff thrust available at standard day temperatures and -
below. L
(2} Maximus Rsting ~ This rating is primarily intended for climb and r‘g
acceleration with augmentation froe zero te full duct heat. This
rating is time limited te 30 minutes. This rating is also available —
for emergency use at the discretion of the pilot and is authorized
as a2 maxizum continuocus rating undey emergency conditiocns.
L.
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(3) The specified maximum reverse thrus: is as mezsured along the exhaust
nozzle centerline and is time iimited to I minute.

(4) Forvard thrust is measured along the exhaust nozzle centerline.
(5) Subject to change prior to engine certificatioa.

(6) This value is 61,000 pounds when the exhsust system secondary
corrected airflow is 21.

(7) Rased on fuel having 2 lower heating value of 18,400 Beu/lb.

6.1.1.1 Dewmstration of Calibration Stand Performsnce - Engine
performance of table I will be demonstrated using a productica engine
vith the reverser-suppressor ane PSWA belimouth inlet.

6.1.2 Guaranteed S State Performsnce Rat at Standsrd

Altitude Conditions -~ The guaranteed steady-state performamce ratings

at standard altitude conditions are as shown in table II for a complete
production engine including the reverser-suppressor vhen operating on

fuel specified in 2.2.1 without compressor air bleed or load on

accessory drives other than that required for continuous engine operation,
and vith simulated distortioca patterns vhich are representative of the
airframe manufacturer’'s inlet but not to exceed those of 10.0. Performsnce
in terms of the airframe manufacturer's ram recovery and secondary airflow
rate is shown in table IIA.

6.1.2,1 Demonstration of Altitude Performsnce - Engline performance
of table II will be demoustrated using a production engine or an engine
assembled substantially in sccordance with the production parts list
on a PANA approved test stand using the specified fuel and standard
calibration equipment smd methods. The substantiation of any guaranteed
point vhere the test conditions exceed the capability of the laberatory
vill be by calculations from test data obdtained at test conditioms that
1lie within the capacity of the laboratory.

Engine performance will be demonstrated by calibrations without the
reverser-suppressor. Reverser-suppressor gross thrust coefficients (Cf )
deterwined from isolated scale model tests in a free flow field with a' P
uwniform and parallel flow forward of the tertiary doors, will be applied
to the fieal expansion gross thrust to obtain the actual gross thrust.
Simulated flight Mach number and altitude conditions will be accomplished
by setting measured test engine inlet total pressure and total temperature
corresponding to that calculated for the 1962 U. S. Standard Atmosphere
(Geometric) and the specified inlet ram recovery. Engine airflow will
be measured using a standard ASME orifice to permit the calculation
of ram drag and gross thrust. Measurements of engine discharge pressures,
temperatures, and areas, cowbined with sbdient back pressure for the
simulated altitude, permit calculation of gross thrust assuming an
ideal expansion process to ambient pressure.
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Set thrust is determined by subtracting the calculated ram drag
{of the engine plus secondary airflows) from the calculated gross thrust.
The specified TSIC is cbtained by dividing the nessured engine fuel flow
by the rmet thrust.

For the purpose of practical demonstraciom, the altitude performance
vill be wet if substantiated within the precision of the altitude labora-

tory equipment.

6.2 Estimsted Engine Performence - Estimated engine perforsence
snd data are shown on curve Xo. S-82, sheets 1 througk 33. Informstionm

supplied on these curves is based upon no air bleed and no power extractioa
over and above that required for continuous operation of the engine and
accessory drives, except as specified.

A card deck program, reference curve No. S-82, sheet 1, shall be
provided which is capable of rumming on a highspeed computer mutually
agreed upon by PUNA and the airframe samufacturer. This program will
define estimated engine performsnce, Trepresenting maximm fuel flow,
minisum thrust and sverage values for all other items, and will be
consisteat with the eagine serformsnce specified in table I and table II.
Idle thrust msy be average. The program shall be capable of generating
data at any pover setting from idle to takeoff at amy altitude, Mach
ousber, or ambient temperature vithin the engine operating envelope.
The progran shall be capable of msking corvections for horsepower.
extraction, inlet pressure recovery and air bleed.

Unless othervise specified, all eagine performance estisstes
are based upon the following:

%5%,} a. Ambient conditicus in accordance with 1962 U. S. Standard

1 Atmosphere (Geomstric).

! b. Inlet total pressure recovery at the sngine inlet as defined
in curve Xo. S-82, sheet 5.

c. Radial sod circumferential overall pressure distortion at
the engine inlet as defined in sectiom 10.0 (a).

d. Fuel with a lower heating value of 18,400 Btu/lb.

e. ¥Xo pover extraction or compressor air bleed over and above
that necesssary for ocperation of engine accessories and drives.

f. Minimm effective flow area for reverser-suppressor tertiary
r alr induction of 12.0 square feet over a minimm circumference

of 242 degrees.
g- Thrusts are along the exhsust nozzle ceanterline.

6.3 Flight Conditions - The engine shall function satisfactorily
| under the following flight conditions:

e

a. Level position (borizoutal) with the engine inclined (roll)
20 degrees to either side.

b. level position (hori:zomtal) with the angine inclined (roll)
45 degrees to either side for 30 seconds.

c. Zero to 15 degrees belov horizoutal (nose down) with up to
20 degrees inclination oa either side.
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d. Zero to Y degrees above horizontal (nose up) with up to
20 degrees inclination ca either side.
e. Flight operation under negative ! "g” flight conditions for
10 seconds.
f. Flight operation under zerc "g” flight conditioms for 5 seconds.

6.4 Atmospheric lLigquid Water - The engine shall operate satisfactorily
throughout the flight operating envelope under conditions of idle to
saxisum thrust at levels up ts 3% of the total airflow weight in the form
of water (liquid and vapor) evenly distributed as it enters the engine
ialet.

7.0 EXGISE OPERATISG EXVELOPE - The engine shall operate satisfactorily
wvithin the fnlet total temperature and total pressure limits as shown
om curve Xo. 5-82, sheet 2.

8.0 THRUST TRAXSIENTS

8.1 Stability - Under steady-state operating conditious without
augmentation, thrust oscillation shall not exceed + 5% of the thrust
available av that particular power lever positior and flight condition,
but in no event shall the thrust oscillation exceed + 11 of the maximr
nonaugmented thrust available. During steady-state cperatiom vith any
amcnt of augmentation up to maximum, the engine thrust oscillation
shall not exceed + 17 of the maximum augmented thrust available at that
conditionm.

8.2 Resporcse - For power lever movement of ! second or less, the
time required to safely accomplish the following transients on a standard
day witi no bleed or power extractioer shall oot exceed the tabulated values,
as fnstalled in the aircraft, from sea level to 10,000 feet altitude:

Transient Time,
sec,

Idle to 737 nmaxizum rcosugmented rating:

Idle to 951 nmaxiwum nonaugmented rating:

1dle to 951 maximum augmented rating:

307 maximue nonaugmer.ted rating to 957 augmented rating:

Maximum augmented rating to 951 full reverse:

Maximue nonsugwented ratiog to 957 maximum augrented rating:

507 waxisur sonaugmented rating to 957 saximum nonaugrented rating:

v & P 0 0O
L]
CCOOWVMOO

The relationship of engine high rotor speed versus time is shown ono
curve No. S-82, sheer 21.

8.3 Airflow Iransients -~ Transient irlet and engine compatibility
is dependent on complex inlet and engine operational response, stability,
and distortion characteristics. Accordingly, tramsient compatibilicy
between {nlet and engtie shall be developed by the inlet compatibility
prograz shared by PSha and the airframe manufacturer. P&xA 3aéd the afr-
frame ranufacturer will establish final inlet and emgine tramsient toler-
ances n the basis of detailed aralysis and inlet and engire develop-
=ent leslsx,
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Pratt & Whitney Qircraft
Specification No. 26384

During supersonic inlet operation (inlet started), eagine airflow
transient changes at maxirue nonzugmented and above arz estimated to be
less than + 32 cf engine inlet corrected airflow. For steady-state
conditions, the rate of chacge shall not exceed 301 per second for
airflow changes greater than &.3%.

9.0 PRESSURE AXD TEMPERATURE CHANGE

9.1 Inlet Pressure Transients - The engine is designed to be
capable of experiencing an occasional reduction in stabilized ?tZ
of 607 in 1/10 of a second for a maximum of 2 seconds without an¥ égfect
damage provided that the distortion limits specified herein are not
exceeded. Rapid changes of pressure are not recommended and would
be expected to cause adverse engine operatiom imciuding stall aad/or

flameout.

The engine is desizned to be capable of experienciag an cccasional
variation cf stabilized Py, 4., of +15% and -60% at a frequency range
of up to 16 cycles per second Yor a maximun of 1 minute without any
direct damage provided that the distortion limits specified herein
are not exceeded. Rapid changes in pressure are not recommended and
would be cxpected to cause adverse engine operation f{ncluding stall
and/or flameout.

9.1.1 Minimme Exhaust Pressure - The engine inlet air total pressure
divided by the external pressure at the exhaust nozzle shall not be
less than 1.0 at high rotor speeds less than 6500 rpm in flight.

9.2 Inlet Temperature Rate of Change

9.2.1 XNormal - The maximum continuous rate of inlet temperature
change which the engine can withstand without performance degradation
is 1.5°F (0.8°C) per second. The engine can withstand a rate of inlet
temperature change not exceeding 35.0°F {2.8°C) per second for a total
of 40°F (22.2°C) o account for atmospheric temperature gradients.

9.2.2 Enmergency - Under emergency conditions, the maximum continuous
rate of inlet temperature change shall not exceed 3.0°F (1.7°C) per
second. It is anticipated that performance degradation will result
froz engine cperation which exceeds the limits in 9.2.1 but does not
exceed the emergency limit.

10.0 INLET AIR PRESSURE DISTORTION - The estimated capability
of the engine to withstand inlet air pressure distortion is described
below vhere terms are defined as follows:

Pt’ Avg = Averapge area weighted engine inlet total pressure
?t’ : = Maxi=yr» engine inlet total pressure measured using
T instrumentation as approvec by P&WA and the airframe
manufacturer
?tﬂ win Minimun engine inler total pressure measured using
T instrumentation as approved by PAWA and the airirame
zanufacturer
14
T —— am———

¢

wcmnny

1

=

A

Py

P ooy

-

-

T T r— re———



-~y

vy

HU

"~

L

£

-y

o

- &

Pratt& Rircraft
Specification Jo. 26983

< [ 4 xin
Percent Overall Distortion = x 100
t2 avg

The Percent Overall Distortion shall be evaluated as a time dependent
quantity and is defined as the maxizum instantaneous value of the guanticy.

Inlet and engine compatibility is dependent on commlex inlet and
engine flow parameters including distribution and extent of circumferential
and radial distortion. Accordingly, compatibility between iniet and
engine shall be developed by P&WA and the airframe manufacturer inlet
compatibility program. P8YA and the airframe zmanufacturer will establish
finsl inlet and engine distortion tolerances ca the basis of detailed
analysis and inlet and engine dovelopment tests and the estimates below
=ust be considered as prelixinary and subject to change. Until engine
development cenfirms that adverse effects of distertiom within these
lizits or engine performance and component durability are tolerable,
flight operation at these distortion levels cannot be recomwended.

a. For continuous operation, the estimated allowable overall
inlet air pressure distortion limits as defined in 10.0 shall be approximately
137 except within 1/2 inch at the inside diameter and outside diapeter
of the flow annulus. The effect of distortion on engine performance
within this lisi¢ may be considered negligible.

b. It is estimated that overall distortion of 252 excluding the
area within 1/2 inch of the duct walls %ill not so adversely affect
engine operation as to precipitate engine stall or flameout.

c. 1If all P&WA cperating recommendations are followed, no direct
engine damage would be expected as a rescit of inlet distortion in
excess of above limits, if this distortica cdoes not exceed a2 10-second
duration.

11.0 IXLET ANTI-ICING - The engize st il de capable of operation
througout the flight power range wvithout accum:lation of ice ca the
engine air induction system such as to adversely affect engine operation
or cause a sericus loss of thrust in contiruvous maximus and intermittent
zaximm icing conditions as defined in Appendix C of 2.1.3.

12.0 FOREIGK OBJECT INGESTIOX - The engine shall comply with the
requirements of 2.1.3 with respect to foreign object ingestion. Demonstration
of sheet ice ingestion shall bde limited to single sheets of ice 1/2-
inch thick and 154 square inches in area, and a single sheet of ice
1 inch by 2-1/2 inches by 30 inches having a specific gravity of 0.85
which is typical of ice formation at the airframe inlet.

13.0 EXHAUST SYSTEM

13.1 Secondarv Airflow - Secondary airflow is required for reverser-
suppressor cooling when the tertiary air doors are closed to control
the expansion of the fan exhaust stream. The secondary air is supplied
to and routed around the eagine in accordance with the reguirexents
of 6.1

.« s
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14.0 LUBRICATION SYSTEM - The lubrication system is a self-contained
engine systes vhich does not require an airframe supplied input,

16.1 O0il Type ~ The oil type is as specified in 2.2.2.
14.2 0f} Consumptiom - The ofl consumption shall not exceed 0.25

gallcas per hour as measured over a 10-hour period.

14.3 9il Pressure and Temperature Limits - The operating oil
pressure at maximum rated thrust shall be 45 + 5 psi (relative to internal
engine scavenge cowpartment) at 250°F (121.1°C) oil tesperature. The
oil pressure and temperature indicator ranges required for the cockpit
indicators are 0 to 120 psi and 0 to 235°C, respectively. The naximua
transient oil temperature during normsal operatica shall be 360°F (182.2°C)
at the locatica indicated for oil temperature oa the Installation Drawing.
During windmilling operation uwp to 252 of maximum rated engine rotor
speed, the maximm transient cil temperature shall act exceed 400°F
(204.4°C) for 3 minutes and the oil pressure must be positive. Low
temperature starting and operatioe is liwited to an oil temperature
corresponding to an oil viscosity of 10,000 centistokes.

14.4 0il Quantity - The oil reservoir shall contain usable cil
sufficient for 10 hours of engine operatiom.

16.5 Cil Tank ~ The cil tank shall contain the following features:

a. Gravity-fill pert with scupper drain (at tamk)

b. Quantity Measurements
(1) Mounting boss for remote oil quantity transmitter
(2) vip stick and cap

c. Scavenge Cil Deserater {with tank)

d. Drain Valve

e. Strainers on Supply Ports (pressure and gravity)

f. Magnetic Chip Detector.

14.6 0il Flow Interruption - The engine shall operate continuously
wvith no detrimental effects during and after a period of 10 seconds
of negative "g" operation and/or 30 seconds of low oil pressure indicativa
caused by maneuvers.

14.7 Drive Pad Lubrication -~ The power takeoff and tachomster
pads shall be pressure lubricated by the engine lubrication systew.

15.0 FUEL - The engine shall function satisfactorily throughout
the operating envelope wvhen supplied with aviatioo kerosene meeting
the requirements of the fuel specified in 2.2.1 at the engine fuel

inlet.

15.1 Fuel Temperature Limits - The temperature of fuel provided
at the engine inlet comnection must be between the limits shown below
for the condition specified. The zllowable time at the maximum fuel
temperature limits is shoun on curve No. 5-82, sheet 22,

16
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Table Iii. Fuel Temperature Lisits

Condition PaA 5322 (Jet A, A-1)

Ground Starting Minizuz - Temperature corresponding
to a fuel viscosity of 12 centistokes.

Maxizue - Curve So. 5-82, sheet 23,

All Other Conditions ¥inixue - 10°F (5.6°C} abowve fuel
freezing peint.

Maxizue - 260°F (126.7°C) or as shown
on curve Xo. $-82, sheetr 23.

The temperature rate of change at the engine fuel inlet connection shall
not exceed 30°F (27.8°C) per minute. Provisions have been made on the
engine to measure pressure drop across the fuel filter as an indication
of ice accumulation. The engine is not equipped with a fuel heater,
therefore, the airframe system must be capable of increasing the fuel
teaperature to prevent ice formation.

15.2 Fuel Pressure Limits - Fuel pressure, including cyciic and
random pressure fluctuvations, at the eangine connection must be
maintained at not less than 5 psi above true vapor pressure of the fuel
and not greater than 50 psig and with a vapor/liquid ratio of zerv. Fuel
pressure at the engine connection may be greater than 50 psig but shall not
exceed 75 psig at fuel flows below 15,000 pcunds per hour (pph). Pressure
fluctuations at the eongine fuel pump inlets shall be within the limit of
curve Xo. S-82, sheet 24,

Under emergency conditions, with tank-mounted boost pumps incperative,

the engine fuel systex stall supply the required amount of fuel for

engine operation from sea level to 80,000 feet altitude for a period not

to exceed 4 hours during a flight, including air starting and augzenta-
tion, provided that: {a) the fuel temperature at the engine inlet does not
exceed those limits specified in 15.1; and (b) the fuel vapor/liquid ratio
at the engine connectior does not exceed 0.45.

The engine fuel systex shall be capable of prining itself and
starting within 2 minutes after fuel runout whea subjected to the
following conditions provided a scitable line frox the gas generator
fuel punp discharge vent, as showm oa the Instailation Drawing, is
installed:

a. Dry lift of 4 feet,

b. 20,000 feet fuel tank altitude.

c. 140°F (60°C) fuel temperature.

d. A dry line volume of 5 U. S. gallons maxizur between the
fuel puzp inlet and the fuel puzp supply.

€. Fuel as specified in 2,2.1.
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15.2.1 Fuel System Design Pressure - The engine fuel system shall
be designed tc withstand & zsximum fuel pressure of 125 psig applied at
the engine inlet conmection with the engine shutdowm.

15.3 Fuel Recirculation - The engine will provide a commection for the
recirculation of fuel to the sircraft tanks. The location and details of
this comnection shall be defined on the Instaliation Drawing. During
operstion wvhere recirculation is not required, a continuous flow of 500
prh say be allowed for recirculation to prevent stagnation in the aircraft
system. The pressure, flow, and temperature requirements at the engine
fuel recirculation connection are shown or the Installation Drawing.

15.4 Fuel Cleanliness - Fuel delivered to the engine must meet
the requirements of 2.2.1 and be free of all solid contamination larger
than that vhich will pass through a 200-sesh screen and be essentially
free of solid contamination of a smzller size.

15.4.1 Fuel Contamination ~ The use of fuel contaminated to the
extent of 8 grams of foreign matter per 1000 gallors shall not inhibit
satisfactory engine rumning for a zinimum of 10 hours. This foreign matter
shall be considered to consist of not less than 662 Si0, and shall
have a particle size analysis as follows:

Particle Size, Microns Percent of Total by Ueight
Q-5 39 +2
5-10 18+3
10 - 2¢ 16 + 3
20 - &0 18+3
Ouer 40 943
Through a 20(-mesh screen 100

15.4.2 Fuel Filters ~ The fuel cilters shall be provided with the
engine. Each sha'l be of sufficient capacity to permit a cumulative fuel
fiow equivalent to a minimum of 10 hcurs of continucus engine operation
at maxisum nonaugaented sea level thrust. This time is based on fuel
contaminated as specified in 15.4.1 vhere the contaminated fuel has first
passed through a 200-mesh screen prior to entering the fuel system.

15.5 Fuel Leakage - There shall be no leakage from any part of the
engine except at the drains provided for this purpose. The combined liquid
leakage from the overboard fuel drains shall not exceed 100 cubf~ centi-
seters per minute during engine steady operation.

15.6 Combustible Fluid Drains - Provisions shall be made for auto-
matically clearing the combustion areas of combustible fluids zfter esch
false start and for preventing excess combustible fluids from entering
the combustion areas after shutdown with the engine in a level pesition,
15 degrees nose up, and 20 degrees nose down. Provisicns shall alsc be
zade for clearing 21! vent areas and other pockets or compartzents vhere
combustible fluids may collect during or svbsequent to operation of the
engine.
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15.7 Fuel Flowmeter - The provision for installation of fuel flowmeters i

p is noted on the Installiation Drawing. Y
- 15.8 Fuel Flow Limits - The maxisum fuel flcw shall be 120,000 E
. pph at naxieum rating and takeoff operating conditions. The minimum #
y 4

fuel flow limit shall be 1200 pph at idle rating and cruise operating L I
conditions.

o

16.0 EXGIXE COXTROL SYSTEM - The fuel and exhaust nozzle control
incorporates the g2s generator and duct heater contrels in a unitized
assembly. The unitized control has dual input levers. The power lever
controls engine thrust, speed, and turbine inlet temperature from Full
Reverse to Idle to Maximue lugmentation. The shutoff lever provides
for engine shutdown and starting by closing or opening the fuel shutoff
valve. Fuel is metered to the gas generator to set the desired thrust
as 3 function of power lever position, high compressor rotor speed,
burner pressure and engine inlet temperature. Fuel is wetered to the
duct heater to set the desired thrust sugmentation as a functior of
power lever positiom, burner pressure, and engine inlet temperature.

The duct heater exhaust nozzle area is positioned to control total engine
airflow over part of the engine operating range as shown on curve No.
$-82, sheet &. Remote manual power and airflow setting is provided

te allow vernier adjustmsent. If engise speed exceeds a2 specified value,
L. the gas generator fuel control automatically reduces fuel flow to prevent
turbine overtemperature and damacing ennine rotor speeds. Lo rotor f
overspeed is limited by 2utomaric derichment of pas generator fuel flow.
The control system also provides reverser iaterlocks to: (1) prevent
engine pover requests not consistent with the rewverser position; and

(2) return the eagine power to idle if the reverser inadvertently moves

dossatis BN
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i from the requested position.

. The control system also provides the folliowing auxiliary functioms:
§ .

i a. Positions the compressor stator vanes.

b. Positions the compressor bleeds.

c. Positions the reverser-suppressor.
d. Provides fuel shutoff. :
e. Provides duct heater ignitionm.

Lt» The engine-driven gas generator fuel pump incorporates a centrifugal :
boost stage and a gear stage. A pressure relief valve is incorporated ’

to bypass the boost stage in the event of pump drive malfuaction, and
i} a pressure relief valve is included froz gear stage discharge to gear

stage inlet to prevent fuel system overpressurization. The duct heater
fuel pump is a centrifugal puzp driven by a turbine driven by 2 high
compressor discharge air, which is modulated by a pump controller in
response to servo pressure signals from the unitized control. The turbine
exhaust air passes through & vortex venturi which aerodvmamically lisits
pump overspeed. The engine-driven hydraulic pump is a variable flow,
constant pressure, piston-tvpe pump.

-
.

y ;A,;:‘th"m‘mu« an o AR

e

1%

- - - R e C— &




et

Pratt & Whitney Rircralt
Specification No. 2698A

s |

16.1 Control Levers - A single power lever shall be provided
on the engine to modulate zhrust. The power lever shall have a total
travel and dwell bands as shown om curve No. S$-82, sheet 25. A separate
lever wvith a total travel as shown oa the Installation Drawing shall
be provided for fuel shutoff and aerodynamic brake operation. There
shall be stops and indexing provisions for the power lever and the
shutoff lever as shoum ou the Installation Drawing.

v

16.1.1 Thrust and Power Lever Positicn Relationship -~ The design
relaticaship between thrust and power lever position shall be of the
fully modulated type, free of abrupt changes, and essentizlly linear
(except when the bleed valve operates), with sn instantaneous thrust
increase of not more than 4% vhen augmentatior is initiated or terminated.
The design relationship bLetween reverse thrust and reverse thrust power
lever position shall be free of abrupt changes and essentially linear.

| eoores SR evoou
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16.1.2 Control Lever Torgue - The torgue required for advancing
or retarding the contzol levers shall not exceed 20 pound-inches with
the engine operating at idle or above. Below idle, the torgue required
for advancing or retarding the control levers shall not exceed 5¢ pound-
inches. The reverser interlock mechanism shall be capable of applying
3 300 pound-inches to the power lever, including coatrol torque requirements,
o 3 vhen returning it to the idle position.

L 16.2 Mechanical Connecticns - The maximum loads that may be applied
B to amy control system mechanical connection are as shown on the Installa-
? tion Drawving.

16.3 Control System Adjustment - External control system adjustments
shall be clearly marked, accessible, and adjustakle vith the engine
ruaning. All other adjustments shall be protected to discourage tampering.
The adjustments shall include the following.

16.3.1 1dle Speed - The idle speed shall be adjustable within
a range of at least +52 of the specified idle value vith reference
to the engine cperating characteristics on the ground.

shall be adjustable within 2 range of + 51 vith reference to the engine
vperating characteristics on the ground.

16.3.3 Airflow - Remote adjustmen: of airflow for optimum engine

i
§
i
i 16.3.2 Duct Heater Fuel Flow - The maximum duct heater fuel flow
!
I inlet matching is provided.

i

=

R~

i 16.3.4 Gas Generatcr Pressure Ratic - Remote adjustment of engine
: pressure ratio i{s provided o allow close sectting of engine pover i=
. the duct heater regime.
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16.4 Environmental Texperatures -~ The engine components shall operate

satisfactorily under the envirommental temperatures anticipated at the
following conditjouns:

4. Continuous cperation with surrounding air at the zaximen ram
temperature of 575°F (301.7°C) and a velocity of 10 to
200 feet per second.

b. In-flight shutdown froe the wost acverse conditions and con-
tinued soaking with surrounding air at the maxizum ram
temperature of 375°F (301.7°C) and a velocity of 10 to
200 feet per second provided fuel recirculation is main-
tained.

c. Ground shutdouwn with surrouncing air at the standard hot
day conditioms.

17.0 IGXITIONS SYS1EM -~ The igrition system consists of 2 fuel-cooled,
hersetically sealed exciter packages each containing 2 independent exciter
circuits for 1 gas generator igniter and } duct heater igriter. The igni-
tion system is a capacizor discharge, 4 joule per spark at 3 kilovolts
(with boost capability), intermittent duty, alternating current pcwered
systexn.

17.1 Ignition System Performance - The ergine start ignition system
shall be capable of releasing sufficient energy for all ground and air

starting requirements. The gas generator circuit shall supply 2 ninimum

of 1 spark per second and the duct heater a minimum of 5 sparks per second
at the zinimunm voltage specified herein. The gas generator igrnition system
shall be capable of discretionary coantinuous operatioam.

17.2 Ignitior System Power Source - The minimuc pcwer source and the
maxinue input to each exciter circuit shall be as specified on the Installia-
tion Drawing.

18.0 ELECIRICAL SYSTEM

18.1 Electrical Power - The effects of loss of electrical pcwer to
engine ignition or any addizional equipment ruquiring extermal pcwer,
causing the equipment to be inoperative, shall not cause unsafe engine
operation at any speed at or above idle throughout the complete thrust
range except for potential effects of an inoperative ignition. Electrical
equipnent shall operate with pcwer defined ic 2.1.8.

15.1.1 External Electrical Power ~ External electrical power require-
=ments shall be as specified on the Installation Drauing.

18.2 Electrical and Electronic laterference - Electrical and electronic
compenents shall not cause interference beyond the lizits specified in
2.1.9, figures 2 through 5. These coeponents shall not be susceptible to
interference generated by other electrical and electronic sources within
the lizits specified in table 1IV.

21
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Table IV. Electrical and Electronic Interference

Antenca Fregueny Range Voltage
Conducted interference — (rf) 0.15 to 1,000 nc(l) O.1 3
(af) 50 to 15,000 cps(2) 3.0
Radiated inteference (4) &1 inch rod 0.10 te 25 ac 0.1 3)
35 = dipole 25 to 35 mc a.1 Q1)
tuned dipole 35 to 1,000 mc G.1 (3)

(1) applicable ouly to ungrounded line voitage powc: imput points.

(2) Applicable only to ungrounded dc line voltage pcwer input paints.

(3) Modulated 30T at 400 to 1,000 cycles or any special form of
sodulation to which the equipment is wulnerable.

{4) Antenna placed 1 foot from electrical or electromic compocnents.

18.2.1 Short Duration Interference - Short duration transients and
impulse interferences are not to be considered as interference if their
duratioe is less than 3 seconds and infrequent.

18.3 Ignition Explosion-Proof - All electrical compcnents shzil be
ignition explosion-proof in order not te ignite any eaplosive mixture

su.rounding the equipsent.

18.4 Comnectors and Cable - At a teaperature of -40°F (-40°C), it
shall be possible to connmect or discomnect electrical connectors and to
flex electrical conductors, as necessary for routine maintenance, without
danazge to these items.

19.0 LIMITING 200E TEMPERATURES - Airframe engine nacelle design shall
be such that engine case temperatures shall not eaceed those specified ou
curve M. S-82, sheet 26, The engine shail not require blast air cooling
of the nacelle area. All components within this zone shall, by basic
design, be suitable for operation (ground shutdowm, flight shutdowm, and
all flight condit:oms) without added ram cooling, but vith normal nacelle
leakage unless 'ocal temperatures due to external heat sources, other than
from the engine and its components, exceed the limits in 16.4.

20.0 STARTING - The fuel flow required for engine lightoff and accelera-
tion to idle shall be automatically controlled when the fuel control shutoff
lever is placed in the starting positicn with the pcwer lever in the idle
position. Automatic actuatica of the starter or ignition system will not
be provided. Appropriate starting torque shall be provided by a suitable
airframe msounted starter through the power takeoff drive to the high speed
rotor (2\'2). The in-flight and ground starting requirements are as follous.

20.1 In-flight Starting - Starter assistance is oot required to satis-
factorily start the engine within the fligkht conditions skhown on curve
%o. S-82, sheets 2 and 3 provided:

a. That the fuel temrerature requirements of 15.1 are =met.
b. That the fuel pressure requirements of 15.2 are met.
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ii ¢. That the electrical pewer requirezents of 18.0 for startimg : ;
are zet. ]
r ¢. That there is no compressor air bleed or puwer extraction

other than that reguirec for continuwous engine operation.

In-flight startiag may be obtained at ram pressure ratios beiow the zimi-
Ium ram pressure ratio line on the windnilling restart envelope by using
engine 2tarzer assistancs whenever the starter arrangezent perxits.

r

26,2 Groumd Starting - The engine shall start satisfactorily within
60 secouds from fuel system pressurizazion in the sea level azbient
temperature range from =40° to IG3°F (~%0° to 39.4°C) provided:

SRR W VPRt VAN UADESE N

a. 1Ihat the starting torque requirezents shown on curve
ho. S-82, sheet 20 are zmet.

5. That the fuel temperature requirements of 15.1 are =zet.

c. That the fuel pressure requirezeats of 13.2 ar> zet.

d. That the electrical puwer requirezents of 18.0 for
starting are wet.

e. The engine inlet air total pressure divided by ambicent
pressure is not less than 0.99.

f. That the o0il temperature requirements of 14.3 are met.

— &

i 20.2.1 Unsatisfactory Start - After an unsatisfactory start the

engine must be cleared of residual fuel by motoring the engine for a period
of 30 seconds with fuel and ignition off. The restart can be attempted
wareciately atter clearing the exgine.

-

2i.¢ SHUIDOKX - Xormal ecgize shutdowm shall be accomplished by placing
the power lever in the idle position ané placing the shutoff lever in the
"Fuel Oft™ position. Energency engime shutdown shall be accoaplished by
placing the shutoff lever ir the "Fuel Off™ position with the power lever
in any position. Shutdown of the duct heater shall be accomplished by
placing the power lever in any position other than in the thrust augrenta-
tion range.

| S
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22,0 XiNDOLILL GPERATIOUN

§ 2:.1 Windmilling Performance - Estimated steady-state windnilling
engine performance is defined by curve Yo, S-82, sheets 46 through 19 and
. the following equation:

ar gr

L
{E F =7 = (L + Rsc) Er

where:

- ;nr = net thrust inciuding reverser-suppressor effects
- =
1 4

gr ° gross thrust obtained froa curve ho. S-8.,

sheets 12 or 13 and 5(,

alidic i ¢
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H_* « ratic of secondary airflow to engime airflow
¥ = ram drag of engine afirflow

$,o = cospressor inlet face average total pressure in
psia divided br 154.7 psia.

*Teaperature corrected secondary {low ratfc is the same as
physical secondary flow ratic during s’ 2ady state wind-
milling conditions since engine gas stream temperature is
equal to secondary air temperature.

Necessary corrections must be applied during the performance calculation
procedure to reflect the «ffects of customer air bleed and/or power extrac-
m tion. The reverser-suppressor secondary flow ratio shall be determiaed
b from known characteristics of the nacelle secondary system to obtain the

i net windilling thrust.

E{ : Upcn completion of a calculation whers customer pover extraction is speci-
5 fied, the validity of the calculation must be checkea by deterzining if

: the customer power extraction specified plus the engire accessory load

! and high rotor friction is within the lieits indicated by curve Xo. S-32,

. sheet 16. This check may become iterative and affect earlier calculations.
o Should this result, the custoser power extracticn must be reduced and the
calculation repeated until the limits shown om curve Xo. $-§2, sheet 16,
are observed.

"

>
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F o8 23.0 ZEVERSE THRUST - The engine shall be capable of maximum reverse

‘ thrust operation within the envelope shown on curve No. S-82, sheet 27.

- The uninstalled estimated maximum reverse thrust is showm on curve No. S-82,
sheet 28 for standard day operation and on curve No. 5-82, sheet 29 for

hot day operation when reingestion of exhaust gas is not experienced.

This thrust is also based on a reverse eiffective flow area and a mean gas
discharge angle with the exhaust nuzzle centerline as specified in 6.1.

The reverser is capable of maxizmun reverse operation within the reverser
operating envelope for the time period specified im 6.1.1. However,
continucus reverser operation at fdle on the ground is allowable.

§ 24.0 ENGINE MOISE LEVELS

g 24.1 YNoise Levels -~ The noise levels generated by the emgine aft ot the
engine exhaust plane and measured along the arc as shown on figure 2 shall
not exceed the values shown in table V. Additicnal noise measurezents

vill be recorded along the saze arc of 300 feet racius at angles greater

than 135 degrees. XNoise levels measured at angles greater than 135 degrees
shall not exceed the noise levels zeasured within the 90 degree to 135 degree
2easurenent arc on figure 2 when all zeasurements are corrected to a line

: J00 feer from and parallel to the engine centerline. These noise levels

f - f shall be obtained during cperation under the following conditions:

APPINY
[T o)

a. Static operation on an ~utdoor test starnd.

b. P&¥A bellmocuth inlet.

c. Production engine or an acoustically sizmilar engine.
d. Axis of reverser-suppressor parallel to ground.

o poaw
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p :
b Table V. Engine Noise Levels )
Xet Thrust, 1b Xoise Level, PXdb ,
Maxizum sugmented 141
28,500 rorsugmwented 126
U 28,50C augmented 124
H 22,400 _ 118

! 24.2 Noise Suppression - The noise leveis shoun in table V include
suppression of fan and jet noise based on experimental data. Exhsust noise
is suppressed by 3 PXdb st the maximue sugmented condition. For the 28,500
pound thrust level, the exhaust noise is suppressed 3 PXdb and the fan blade
passing noise is suppressed 6 db per cctave band. Exhsust noise is
suppressed 3 PXdb and fan blade passing noise is suppressed 15 db per
octave band for the 22,400 pound thrust lewvel.

24.3 Optional Reduced Engine Rotor Speed Mode for Commmity Xoise
Abatement - Optional operation with the duct heater iit at intersediate

thrust levels, such zs those associated with the cutback after takeoff
for commmity noise abatement, will result in reduced PNdd levels. This
mode provides a reduction of fan rpm at constant thrust. At a thrust
level of approximately 20,000 pounds the reduction in fan rpm permits
improved fan frequency/resonator mstching vhich can be expected to result
in fan blade passing noise attentuation of approximately 13 db per %
octave band. Dependent upon the flight condition and engine thrust setting, L
this mode of operatiom will provide a further ncise reduction of as much

D S o |

L as 5 PXdb. The correspvmding sea level static test stand demonstration
o of this mode of operaticm is showm in tsble V.
L 24.4 Soumnd C:liulations - Measured octave band sound pressure levels

vill be converted to perceived noise values using the method prescribed

in 2.2.5. All noise data viil be normalized to 59°F (15°C) and 702 relas-
tive humidity using the method prescribed im 2.2.5. At least 6 test rums
shall be made at esach condition and the results averaged for demomstration
purposes. If limitations during static test prevent the recording of
noise at the conditions specified ir sectior 24.0, the measurements will s
{ be taken at a suitable point and corrected to the specified distances. !
: Correction of measured sound pressure levels te desired distances vill be

performed using the method prescribed in 2.2.6.

e, -
25.0 IXSTRUMEXTATION - The following shall be provided with the engine
i; vith connection provisions as shown on the Installation Drawing.

a. Turbine exit pressure prcbes ané averaging manifold.

b. Instrumentation for providing an electrical representation
. of average and individual probe exhaust gas temperature.
L. c. Duct nozzle position indicatiom.

d. Reverser position indicatiom.

e. Aerodynamic brake indication.

f. Ignition "On" indicatiom.

g. Llow rotor speed indication (electrical counter type).

(‘
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i 7 25.1 Provisions ~ Provisicas for the following instrumentatiom shall

be as showm on the Installation Draving:

2.
b,
c.
d.
e.
£.
g
h.
i.
3.
k.
1.

High rotor speed tachometer.

0il-in temperature.

01l pressure.

Pressure drop across oil strainer.
0il level.

Chip detectors (oil).

Primary gas generator fuel flowmeter.
Duct hester fuel flowmeter.

Fuel inlet temperature.

Fuel pump inlet pressure.

Pressure drop acruss fuel filter.
Vibration pickup mounting brackets (2).

25.2 Special Instrumentatior Installation - Installation of all special
engine instrumentation mist be coordinated with and approved by PERA.

26.0 TURBINE COOLING SYSTEM - The engine incorporates a self-coutained
and self-regulating turbine cooling system.

26.1 Turbine Temperature Measurement System - The engine shall be
equipped vwith thermocouples for use in conjunction with the zirframe tem-

perature indicating system. The thermocouples shall permit consisteat
measurement of exhaust gas temperature. The system design shall be such
that it is possible to service check iandividual temperature probes for
continuity.

27.0 CUSTOMER REQUIREMENTS

27.1 Drive Power Extractions - The maximum allowable continuous horse-
power extractions and overload horsepower extractions at the power takeoff
pads for all operatiag conditicns as a function of high pressure cospressor
rotor speed are as specified in the form of torques and speed ratios on
the Installation Drawing.

27.1.1 ic Load - The dynamic loading limits of the drive pads
are specified on the Iastallation Drawing.

27.1.2 Speeds of Power Takeoff Shafts - Speed ratios of pover takeoff
shafts are specified on the Installation Drawing.

27.1.3 Shear Section - The shear section requirements are specified
on the Installation Drawing.

27.1.4 Loads om Mounting Pads and Pover Takeoff (PI0) Shafts - The
limiting loads on the =ounting pads and PT0 shafts are spacified on the
Installation Drawing.

. T Ly
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27.1.5 Znvirommental Control System (ECS) Compressor 8il Coeling ~
fuel may be provided by the engine gas generator fuel pump interstage for
airframe ECS compressor 0il cooling. This fuel shall be returmed to the
fuel system ypstreaz of the engine inlet fueli tewperature measurement
provision. The following limitations shall apply:

a. ECS cooling fuel flow shall not exceed 1500 pph over a
35 to 160 psi pressure drop range.

b. ECS cooling fuel temperature shall nct exceed 350°F (176.7°C)
in any part of the cooling system.

c. Engine fuel inlet linmits shall not be affected by these
provisions.

27.2 Compressor Bleed Air

27.2.1 Quality - The engine shall be so designed that it will not
contribute to the contamination of air discharging into the cabin air
system. Provided that the air entering the engine is free of contaminatiom,
the air at the discharge ports shall contain not more thar the following
amounts of the listed contaxinants:

Substances Parts per Million (Volume)
a. Aldehydes 1.0
b. Carbon Monoxide 50.0
c. Carbon Dioxide 5000.0
d. Ozomne 0.1
e. Oxides of Xitrogen 5.0
€. Rydrogen Peroxide 1.0

ihe air shall not contain a total of more than 5 miliigrams per cubic
z=eter of submicron particles. Dirt or other foreign particle concentra-
tion in the bleed air after expansion tc atsospheric pressure shall not
exceed that of the air at the engine inlet cu a per unit volume basis.

1f a demonstration is required P&XA will demonstrate on a normally func-
tioning engine on a P&XA plant test stand that the above requirements are
met wvithin the accuracy of the testing technique available to PEWA at the
time of the demonstration. However, it must be recognized that there may
be occasional instances in service operation when the bleed air is
contaninated.

27.2.1.1 Seals and Oil Lires - Accessory seals, bearing seals, and
oil lines shall be designed so that a single failure (excep: for eagine
bearing failure) cam not result in bleed air contaminaticn. PSNA shall
subzit a2 failure analysis to the airframe masufacturer o demonstrate how
the design meets this requirement.

27.2.2 Quantity - The engine shall provide for high pressure compressor
air extraction, for aircraft use, as indicated:

a. Within the operating envelope of the engine, high compressor
ajr will be available in quantities not to exceed 5% of gas
generator airflow from idie to a thrust corresponding to
a turbine exhaust gas tezperature BO°F (44.4°C) less than that
corresp-nding tu zmaximux cruise.

27
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¢. All accessory drive snd vibrztion or friction dampemer
springs.

d. Starter jaw.

e. Al]l gears.

f. All quill and accessory driwe shafts.

30.1.2 Fluoresceat Pemetrant Imspection - The follovimg parts, if mede
of nosmagnetic meterials, shall be subject to fluorescent pemetrast iaspec-
tion in accordance with PENA established procedures:

a. All parts of the compressor-turbine rotor assesbly, including
threaded fastenings cucept those parts on which smodic
inspection is uvsed.

b. Turbine nozzle vanes aad asseablies.

c. All otker highly stressed parts.

Very bulky and intricately shaped parts may be hydrostatically tested by the
P&UA approved method in lieu of fluoresceat testing. Radiographic imspection
nzy be substituted for fluorescent penstramt imspection of fusion welds.

30.1.3 Excepted Parts - Lov stressed perts, suck as cotter pins, weshers,
etc., are not required to be inspected by the magnetic or fluorescent
methods.

30.1.4 Radiographic or Ultrascuic Inspection - The following shall be
subject to radiographic or ultrasomic inspectiom:

a. The compressor rotors, if nonasgnetic.
b. The turbine rotors, if ncosugnetic.

c. Highly stressed ncamsgnetic cestings.

30.1.4.1 Radiograsphic Inspection - Radiographic inspection of msterials
shall be in accordesnce vith PLUA eazablished procedures. Laboratories per-
forming radiographic inspection shall be certified in accordance vith PEUA
requirenents.

30.1.5 Certification of Operators - All fusion welding shall be per-
formed by operators who are certified in accordsnce with PENA established

procedures.
31.0 PREPARATION FOR DELIVERY

31.1 Preparation for Storage and Shipment - The engine, components,
and accessories shall be prepared for storage and shipment in accordance

vith PEUA established procedures. PSUA shall furnish a packing list with
each engine. All parts, accessories, compooents, and tools vhich are not
installe3d on the engine, but which are shipped with the engine, shail be
included on the packing list. PSKA shall furnish vith each engine the
Acceptance Run Log wvith all performance dats.

29
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APPINDIX A

1.0 SCOPE

1.1 Scope - This appendix establishes the requirements for he
Flight Test Status {FiS} engines to be deifvered under Phase III of
the Supersomic Transport Proprax. The engines will be in general accordance
wi.h the requirements of Model Specification No. 2698A except as modified
in this appendix.

3.1.1 Dimension and "astallation Drawing - Change the Engine
Installation Drawing Xc. to 2130201.

Add the following paragraph:

"3.2.2 Dry Weight of Engire - The dry weight of the FTS engine
shall be within 31 of the total dry weight specified im 3.2."

6.1 Performance Ratings - Add the following sentences: "The
specified engine thrusts and thrust specific fuel consumptioas (TSFC)

for the FTS cngine shalli be as specified in table I, table II, and

table IIA within 32 and 52, respectively. If the thrust is less than

the production rating, provisions shall be mede for limited time operation
at production thrust levels to accomplish Phase 111 airplane performemce
demonstration.”

25.¢ EXGIXE YCISE LEVELS - Add the following sentence: "The
specified noise values shall de objectives for the Phase III program.”

38.0 ENGINE TYPE CERTIFICATIOX TEST - Replace 28.0 with the following
paragraphs:

28.0 “ENGINE FLIGHT TEST STAIUS - Engine Flight Test Status shall
be accomplished by satisfactory completion of sea level and altitude
tests in accordance with 28.2.2.2.2.1 through 28,2.2.2.2.4.

28.1 Test Approval - The engine shall be comsidered to have satis-
factorily completed thege tests if, at the completion of the engine
recalibraticn specified in 28.2.2.2.3.1 it is vithin the specified
limits and the engine is still in operationmal comnditiou as substamtiated
by conducting a final acceptance test run in accordsnce vith the schedule
specified in 29.0.

28.1.1 Reports

28.1.1.1 Test Reports - Following cospletion of each separate
engine :r component test, or comsecutive group of tests :zonducted on
any single test assewbiy or cosponents, 3 report shall be submitted.
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28.1.1.1.1 Preparation - These reports stall contain essentiaslly

b.

C.

d.
e.

f.

the following items:

Cover (Title of report, number of the report, source of
report, date, name(s) of the suthor(s) and comntract number).
Title page (Title of report, oumber of the report, source

of the report, date, name(s) of the author(s), and coatract

awmber).

Abstract (A brief statement of the contents of the report, in-

cluding the objective).

Tabie of coatents.

List of fllustrations (Provide figure numbers and captioes of

all {llustrations. Photographs, charts, and graphs should be

treated as illustraticas and given figure numbers. When used in
a4 separate series, tables should be given Romer numerals.

Examples: figure I, figure 2, etc.; table I, table II, etc..

Summery (A brief resume of the test conducted including

objectives, procedures, results, conclusions, and recommendations).

Bedy of the report.

1. Brief general descripticu of the engine or of the component(s)
and a detsiled description of all features vhich differ from
the previous model, if applicable.

2. 1If approval is being requested, without test, based om
similarity to a component or assembly for vhich previous
test approval was obtained, any physical or functiomal
dissinilarities or differences in testing requirements
vith respect to the test compoaent and reference to
the approved component test report shail be included.

3. Method of test (general descriptiom of test facility,
equipnent and methods used in conducting the test).

&. Record of test (chronclogical history of all events in
counection with all of the testing).

5. Analysis of results (a complete discussion of all phases
of the test, such as probable reasons for failure and
vnusual wear, comparison ir pericrmance vith previous
models, and analysis of general operatiom).

6. Calibration and recalidbration dsta including acceptance
ifmits (data in both uncorrected and corrected form, if
applicable, shall be shown by suitable curves).

7. Tabulated data of all pertinent instrunent readings and
all required instrument readings taken during the test.
Extraneous readings, vhich PSUA may desire to take during
the test, need not be reported.

8. Descriptica of the condition of the engine or componeats
at Jisassembly inspectiom.

9. Coanclusions and recommsndations.

28.1.1.1.2 Xumber and Distribution of Copies - Five copies of the

report shall be forwarded to the Federal Avistion Agency.
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28.2 Quality Assurance Provisions

28.2.1 General - Turbefan aircraft engines, compeooents, and test
apparatus shall be subject to inspection by authorized GCovernment repre-
sentatives vho shall be given all ressomable facilities to determine
conformance vith this specification. All instructious for testing
of the engine shall be available to the Government representative.

28.2.1.1 Accuracy of Data - Automatic recording equipment and
associated test apparatus required to evaluate engine varisbles versus
time shall have a static accurscy within 22 of the values obtained
at the maximus rating of the engine. The sccuracy of transiemt data
and the corresponding instrument calibration methods shall be subject
to review by the authorizeld Government representative and shall be
described in the Flight Test Status rsport. All instruments and equipment
shall be calibrated as necessary to insure that the required degree
of accuracy is maintained.

28.2.2 Engine Tests

28.2,2.1 Test Conditions -~ The following conditions shall apply
for all engine tests unless otherwise specified.

28.2.2.1.1 Test Apparatus

28.2.2.1.1.1 Automatic Recording Equipment - Automatic coatinuous
recording equipment shall te used to record data during the execution
of that part of the engine tests (see 28.2.2.2.1.3, 28.2.2.2.2.3,
28.2.2.2.2.5.2, 28.2.2.2.2.5.3, and 28.2.2.2.3.1) requiring the evaluatiom
of time versus engine variables.

equipment used for measurement of engine case vibration shall have

frequency response characteristics sixilar to the respcose characteristics
of equipment used on previcusly Type Certificated engines.

28.2.2.1.2 Prel Data - The engine wveight and center of
gravity, if not previocusly cbtained, photographs, and other pertinent
engine data shall be obtained preferably at the time the engine is
being prepared for test.

28.2.2.1.3 QOperating Test Conditioans

28.2.2.1.3.1 Inlet Distortiom - All operation during the tests
specified in 28.2.2.2.2.1 and 28.2.2.2.2.2 shall be with representative
inlet distortion patterms, vithin facility limitations, as determined
by airframe inlet tests but not to exceed the distortion limits speci-
fied in 10.0{a).

28.2.2.1.3.2 0il Inlet Temperature - For all operation during

the tests specified {n 28.2.2.2.2.Z, the main oil temperature at the
location designated on the Installation Drawing shall be self-regulating.
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28.2.2.1.3.3 01l Servicing - The cil systes shall be drained
and filled with new ofl at the start of the specific engine test. The
use of external oil filters shall not be permitted. The oil system
shall be further smintained in accordance with the requirements of
PEMA.

28.2.2.1.3.4 Accraditasble Test Time - Test time shall not be
credited by incremeats shorter than 15 minutes, except wben shorter
pericds are z test requirement.

28.2.2.1.3.5 Vapor Pressure Dats - Wet sad dry buld air tesperature
readings shall be tasken st intervals not exceeding 3 hours. [~

28.2.2.1.3.6 BRarcester Readings - The barometer shall be read
and recorded at intervals not exceeding 3 hours. —

28.2.2.1.3.7 Miscellaneous Data - The date, operating schedule, -
engine model designation, and serial mumber shall be recorded on each
log sheet.

28.2.2.1.3.8 Test Kotes - NXotes shall be placed on the log sheets
of all {ncidents of the rum, suck as lesks, vibration, and other irregular -
functioning of the engine or the equipment, and corrective measures
taken.

28.2.2.1.3.9 Corvection - Readings of thrust, rpm, airflow rate,
fuel flow rate, specific fuel consumption, gas pressures, and gas tem- -
peratures shall be corrected to standerd ses level atmospheric conditions
as defined fn 1962 U.S. Standard Atwmoephere (Ceometric) conditioms.
In order to determine conformance with the engine performsnce ratings, L.
the corrected thrust and specific fuel consumption shall be determined
for all rated conditions by PSMA standard analytical and correction
procedures.

| SRR}

28.2.2.1.3.9.1 3Barometer Correction for Temperature - The barometer
shall be corrected for temperature.

-

[ &

28.2.2.2 Endursnce Test

| e

28.2.2.2.1 Calibrations and Checks - Parformance during calibratiomns
and checks shall weet the requiremsnts specified herein. Operating
time during calibraticas shall be limited to the minimum practicasble.

L

28.2.2.2.1.1 Electrical and Electronic Interference and Susceptibility
Check - An interference and susceptibility check in accordance with

18.2 shall be made ov all electrical and electromic components or systems
of the test emgine prior to initiatiom of the flight test status test.

lenoid valves and position indicator switches shall not be contributing
interference since the interference duration is approximstely 1 second
and will have an infrequent recurrence rate.
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28.2.2.2.1.2 Engine Comtrol System Calfbration - Prior to the
intriztion of the engine calibration specified in 28.2.2.2.1.3, the

components of the engine control systes shall underge bench calibration
using test fluid in sccordsnce with the specification fuel to determine
conformance with the design tolerance range required by PENA. The
czlibratfon shall inciude a2 measurement ¢f power lever torgue.

28.2.2.2.1.3 Ecgine Calibration - The procedure during the engine
calibration shall be such as to establish the sea level static perfor-
mance characteristics of the complete turbofan engine prior to the
endurance run. Calibrations shall be made with a PSMA bellmouth, no
accessory power extraction, without losding the accessory drives, and
vith no compressor bleed airflow other than that required for continuous
engine operation, except vhere specified. The following data shall be
obtained:

a. Steady state data: Data required to establish compliance wvith
applicable sea level peformance characteristics covered by
table I.

b. Transient dats: Data required to demcustrate engine starting
and thrust transients.

c. Repeat items "a" and "b“ above vith maxisum permissible
compressor bleed airflow, to determine the effect of air bleed
on engine performence.

28.2.2.2.2 Procedure - Following the calibration run, the comtrol
shall be adjusted to produce at least the takeoff rated thrust with the
power lever in the takeoff thrust positica. During the test the engine
shall be adjusted as necessary toc maintain the rated thrust. The test
shall be conducted in accordance with 28.2.2.2.2.1 and 28.2.2.2.2.2.
PSWUA say establish the order of runs in each cycle to accommodate best
utilization of the test facility. The time for chsmging thrust shall be
charged to the duration time at the lower setting. For all power lever
scvements, the pover lever shall be advanced or retarded, as applicable,
in not more than 1 second during the applicable te-t specified in
28.2.2.2.2.1 and 1 minute during the applicable test specified in
28,.2.2.2.2.2.

28.2.2.2.2.1 Part 1 -~ The 25-hour sea level endurance test shall
cousist of 5 cycies of 5 hours each to be conducted in accordsace with
the schedule listed below and as showm om figure A-%. At least 2 of these
cycles shall be at the maximum specified fuel inlet pressure. The 2nd
cycle shall be accomplished vith 3% gas generator tleed airflow. All
other cycles shall be with nc compressor air bleed flow other than that
tequired for continuous engine operation.

2. Yakeoff thrust rum - Thirty ainutes comnsisting of five 6-minute
periods, in each of vhich 5 miputes shall be run wvith the
pover lever in the Takeoff Augmented thrust positiom, and
1 minute with the powver lever in the 952 Takeoff Nonsugmen: ~d
thrust position.

b. Cruise augmented thrust rum - One hour vith the sea level pover
setting corresponding to Cruise Partially Augmented thrust
(reference table I1).
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c. ITakeoff Augmented thrust - Idle thrust run - Thirty minutes
consisting of five 6~minute pericds, in each of whick 4 minutes
shall de rwn with the power lever in the Takeoff Augmented
thrust position, and 2 minutes vith the powver lever in the
Idle thrust positica.

4. 932 Takeoff ¥Ncagpugmented thrust run - Forty-five minutes with the

power settiag corrsspounding to 951 Takeoff Xonsugmented thrust.
e. 852 Takeoff Nonsugmemted thrust run - Twenty-cne ainutes with

the power laver iz the position corresponding to 851 Takeoff
Sonsugnested thrust.

f. ZReverse thrust rum - ¥ine minutes in the ssquance of power
iever positions amd time durations as follows: 1 aimute
1dle, 1 minute Maximm Revsrss thrust, 6 minutes altemnating
1 minute esch at Tskeoff Augiented thrust and Muximom Reverse
thrust, sod 1 minute 1dle.

g- Thrust tramsieats run - Thirty minutes of thrust transiemts,
consisting of & cycles in the sequence of power lever postion
from Idle thrust to Takeoff Augasnted thrust, msintained at
Takeoff Augmented for 60 + 3 seconde, retarded to Idle, and
maintained for spproximately & minutes. One cycle will be
accomplished with the angmsantatioa lightoff at minisum augmented
pocer lever positiom.

. Incremental thrust run - Onoe hour and 15 minutes consisting
of 5 minutes with the pover lever positiom corresponding to
each of the following percentages of Takeoff Nonaugmented
thrust: 15, 25, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85,
95, 100. This portion of the test may be revised to include
additional time at the vibratory speeds and eliminatiom of
some intermediate points.

28.2,2.2.2.2 Part 2 - The 50-hour heated inlet air test shall de
conducted oo the engine which completed Part 1 abowve, vithout the reverser-
suppressor installed. The test shall comsist of 12 cycles of 4 hours and
10 minutes each to be conducted in accovrdamnce with the schadule listed
below znd as shown on figure A-2 (curve A). The engine inlet air and the
air that passes over the engine wiil be conditioned as showm on figures

A-2 (curve B), and A-3 (curve A) vithin the tolerances of the facility. The

fuel temperature at the fuel pump inlet will be as showm on figure A-3
(curve 8) within the tolerance of the facility. This portiom of the Flight
Test Status endurance test shall be condu:ted, within facility limitatiouns,
as focllows:

a. Maximm Augmented thrust run - seven minutes with the power
lever position corresponding to the Maximum Augmented thrust
position.

b, Maximum cruiss thrust nm - Twenty-four minutes with the °
pover lever positioe correspending to 55 of Maximum
Augmented thrust.

c. Minisum Cruise thrust run - Twenty-four minutes with the pover
lever position corresponding to 402 of Maximum Augmented
thrust.

d. 1dle descent rum - Sixzeen minutes wvith the power lever in the
Idle thrust position.
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e. Airport departure maneuver, Cruise Part Power rum - Fifteen
ainutes with the power lewer positiom correcponding to 202

of Takeoff ¥onsugmented thrust.

f. Maximnum augmented thrust zum - Thirtren xminutes with the power
iever position corresponiing to the Maximus Augmented thrust
position.

g- Maximum cruise thrust run - Fifty-five minutes with the

power lever position corresponding to 551 of Maximm Aug-
mented thrust.

h. Minimm cruise thrust run - Fifty-five wminvtes with the
pover lever position corresponding to 0% of Maximum Aug-
mented thrust.

i. Subsonic cruise ncunsuswented run - Twenty-five minutes with
the pover lever position corresponding to 50X of Takeoff

Xonaugmented thrust.
j. Ildle descent run -~ Sixteen minutes wvith the power lever in
the Idle thrust position.

Two augmentation system lightoffs shall be made during each cycle.

28.2.2.2.2.3 Starts - A minimum of 25 sea level static starts shall
be made on the endursnce test engine. There shall be at least 10 starts
each preceded by at least a 2-hour shutdowm. At least one of these
10 starts shall be mede during or at the begimning of each 2 successive
cycles. In addition, there shall be 5 false starts (a starting sequence
wvithout benefit of ignitiom, fcllowed immediately after the permissible
engine drainage procedure by a successful start), and 5 restarts (a start
within 2 meximm of 15 minutes time from shutdown). If necessary, addi-
tional starts required to bring the total to 25 may be made at the end
of the endurance test. The false starts msy be conducted on an outdoor
test stand using an engine not necessarily the endurance test emgine.

28.2.2.2.2.4 Altitude Test - An engine, substantially identical
to but not necessarily the same engine which completed 28.2.2.2.2.1 and
28.2.2.2.2.2, shall be subjected to sltitude tests to substantiate the
altitude performsnce specified in table II as modified by 6.1 in
Appendix A.

28.2.2.2.2.5 Data

28.2.2.2.2.5.1 Steady-State Data - During the endurance test,
except for the thrust transfent rums, the following data shall be
recorded, vhere applicable, at intervals not greater than 30 minutes
or once during each test run, vhicheve: is shorter:

Time of day.

Tctal enduraace time.

Power lever positiom.

Exhsust nozzle positioun.

Engine rotor speeds, rpm.

Fuel consumption, 1b,/hir.

tDats for determining airflow.

Engine inlet total pressure, in. Hg. abs.
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Engine inlet total temperature, ‘7 (°C).

*Compressor air blsed totsl pressure, psia.

Compressor air bleed stetic pressure, peias.

Turbine discharge total pressure, peia.

*Exhavst total pressure, psia.

Exhaust static pressure, in. Bg. abs (if different from the
baroseter readings).

0il pressure at prassure pmp outlet, peig.

Fuel pressure at fuel systes inlet, peig.

Foel pressure at point shour on Installation Drawing, peig.
Fuel temperature st fuel systes inlet, °F (°C).

Measured steady-state turbine exhsust gas tesperature, ‘F(°C).
Duct heater fuel flow, 1b/hr.

Engine case vibratiou at points showm om Installation Drawing, mils.
*Ignition source voltage and current (while starting).

Engine Main 0f1 Temperature °F (°C).

Breather Pressure, psia.

*Xote: Items marked vith an asterisk need be recorded during calibrations
only. The oil consumption, oil specific gravity, fuel specific
gravity, and fuel lower hesting value shall be measured at
suitable intervals.

28.2.2.2.2.5.2 Thrust Transient Dets ~ For each thrust transient
performed during the thrust tramsient and reverse thrust rums, the
maximm values of measured gas temperature, thrust, fuel flow, and engine
speed attained during the thrust transients shsll de recorded.

28.2.2.2.2.5.3 Starting Data - During the starts conducted under
28.2.2.2.2.3, the following data shall be recorded for each start

rﬁ?é ) performed:

Asbient temperature.

Start number.

E *Time to ignitiom.

‘ *Time to starter cut out.

[ ] Time to stabilize ground idle rpw.
| *Zpa st ignitiom.

‘ *Rps at starter cut out.

1 ¥axisus msasured gas tempersture.

Note: Itess marked vith an asterisk need be recorded only during
calibration, recalibration, and 2 successive starts at the
beginning and the end of the endurance test, at least ooe
of which will be after a 2-hour shutdowm. These data will
alsc b2 recorded during ome of the false starts.

in addition, records of starter torque versus revolutions per minute

{rpm) shall be made during calibration, recaliidbration and 5 successive
starts of the endurance test. Starter torque versus rpm testing may be
vaived if acceptable data are available from another equivalent engine.
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28.2.2.2.3 Recalibratiomns

28.2.2.2.3.1 Engine Recalibrstion - After completion of the tests
specified in 28.2.2.2.2.1 and 28.2.2.2.2.2, 2 recklibratica check rum
fn accordance with 28.2.2.2.1.3 "a" and "b" as modified shall be made
on the endurance test engine. During the recalibration check run, the
engine shall be adjusted to produce on a standard day, the novaugnented
thrust cr saximum turbine discharge temperature, whichever is lower,
that wvas cbtained during the initial calibration. During maximm
augmented operation, duct heater fuel flow shall be adjusted szo that,
on a standard day, the total fuel flow will correspond to the level
that vas cbtained during the initial calibration. During this run the
corrected jet thrust shall be not less than 951 of the initfial cali-
bration values, and the corrected specific fuel conswmptions shall
not exceed 1051 of the initial calibrstion values. The engine
shall meet 211 other specified performance requirements which can be
checked by the calibration procedure. The check run msy be preceded
by a run-in period during which the cleaning procedure recommended
for field uvse by P&NA may be applied.

28.2.2.2.3.2 Engine Control System Recalibration - After completicn
of the engine recalibration specified in 28.2.2.2.3.1, the components

of the engine control system shall undergo a bench recalibration to
determine conformance with the design tolersnce range required by PENA.
For this recalibratica, external engine control adjustments shall be
established at their pre-test bench calibratiom positicas.

28.2.3 Engine Components Test - PEWA will supply suitable data
on engine component tests. Components used for these tests shall be
substantially identical with those used on the endurance tests. The
instrumentation to be delivered with the FIS engine shall not be
subject to FIS test approval.

28.2.4 Teardowm Inspection - After completion of the tests, the
engine and cowponents shall be cowpletely disassembled for ezamination
of all parts and measured, as necessary, to disclose excessively wom,
distorted, or veakened parts. These measurements shall be compared
vith the draving dimensions and tolerances, or with similar ssasurements
made prior to the test wvhen available.

28.2.5 General Ingpection - All tests shall be subject to vitnessing
by 3 Government representative. The engine and coeponents shall be exsz-
mined to determine if they conform to all reguirements of the contract
and specification under wvhich they were built. At convenient times prior
to the tests and during teardown inspections the engine and components
shall be e¢xamined to determine if they conform to all requirements of
the contract and specifications under vhich they were built. Irspection
of the engine during the test may be conducted between the test cycles
at the discretion of P6WA. External adjustments normslly performwed
during routine maiutenance may be made at the discretiom >f P&WA. Part
changes may be made during the test provided that such part subsequently
completes that portiom of the test rum prior to its installation. This
requirement may be accompiished on the same engine or sncther engine
assembled essentially to the same parts list. The Government represen-
tative shall be notified of any such maintenance, adjustment or parts change.”
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